. Measured transfer curve (left) at = 0.5 V and corresponding linear mobility (right), the red line being a smoothening of the calculated vs where the latter has been corrected for the threshold voltage. We used with a measured value of = 21 nF/cm 2 and L = 231 µm and W = 60 µm to derive the mobility, which is valid at , where the transistor operates in the linear region. Figure S2 . Illustration of the four different elements used to describe the grid cells in the 1D driftonly model accompanied by relevant parameters included in the simulations. The grid cells are capacitively coupled to either only the gate or to both the gate and a finger electrode from set : [1, 2] , determined by the position of the grid cell. The thickness of the etch stop layer between the IGZO channel and the finger electrodes is half that of the dielectric layer between the gate and the channel which is expressed by a doubling of the capacitance compared to the gate. In simulations for our device A = 4 µm, B = 16 µm, with 16 repeat units (as defined in Figure 1 ) plus one extra finger electrode for set 1 and 5 µm horizontal distance from source and drain to closest finger electrode. We use a cell size of 500 nm and thus 794 grid cells (first and last grid cells are the source and drain contact, respectively, while the others make up the channel). Nominal geometric capacitance values of =17 nF/cm 2 and =34 nF/cm 2 for SiO 2 are used to enable direct comparison with 2D driftdiffusion simulations, see also Figures S3 and S6. The source and drain capacitances and are set equal to ; the density at the source and drain is fixed such that the source and drain potentials have the desired values according to ⁄ , defining the boundary conditions for the simulation. , for a single repeat unit of the base device with periodic boundary conditions (no contacts) at 5 MHz. The solid black line corresponds to 1D drift-only simulations for the full device with contacts (in (b) the voltage is scaled to the length of one repeat unit). The 2D drift-diffusion model is described in Ref. [1] . Figure S4 . Measured (top) and simulated (bottom) short circuit device current versus phase difference and frequency for symmetric drive (left) and forward drive (right) for device: A = 2 µm, B = 8 µm, and the horizontal distance from the source and drain contacts to the closest finger electrode is 2.5 µm (all else being the same as the base device). Measurements carried out at = -2 V and = 0 for symmetric and forward drive, respectively, and simulations at = -4 V. In the frequency range that can be supplied by the function generator the optimal with respect to (and output power) for both symmetric and forward drive are 90° and 270° (a, b). At (simulated) higher frequencies (c, d), forward drive has a clear frequency dependence of the phase angle that gives the highest (and output power). Symmetric drive on the other hand yields the highest (and output power) at = 90° and = 270° over all frequencies, with a current reversal occurring at 0.7 GHz in simulations. . Under depletion there are no charge carriers in the semi-conducting channel, thus ̃ and ̃ become very large and can be disregarded. ̃ and ̃ can be determined sequentially by grounding one set of finger electrodes and connecting the signal output of the impedance analyzer to the other, resulting in the circuit shown in (b) when finger electrode set 2 is grounded and (c) when finger electrode set 1 is grounded.
The power to the device is supplied via the two sets of finger electrodes as they are connected to AC voltage sources. The input power of the ratchet can be calculated if we know the complex impedance of the individual sets of finger electrodes to the channel since we know the applied AC voltage and can express the related complex currents via these quantities. The components that dissipate power, being the background impedance ̃ containing stray capacitances and cabling and the impedance of the finger electrodes set j ̃ , are modelled in the circuit diagram in Figure S7(a) , with the addition that ̃ ̃ during the special case of depletion. The complex impedance of the individual sets of finger electrodes to the channel, ̃ and ̃ , cannot be measured directly. However, the stray capacitances and cabling, responsible for background dissipation, ̃ and ̃ , can be measured sequentially by depleting the channel ( ̃ ̃ ) and grounding one set of finger electrodes ( Figure S7(b,c) ).
The complex impedance that is measured when driving the system in accumulation is, as described previously in Figure 5 (a) of the main text:
To determine the power dissipated via the finger electrodes we need to determine ̃ ̃ and ̃ ̃ . We approximate ̃ in terms of ̃ as ̃ ̃ via the relation ̃ ̃ due to the capacitive nature of the coupling of the finger electrodes to the channel. We have validated this assumption to be reasonable via our 2D driftdiffusion program. Accordingly, we need to determine ̃ , , and , which we do by fitting these so that the absolute impedance and argument of the RHS of Eq. S1Error! Reference source not found. correspond to the measured ̃ and , i.e. minimizing the sum of the squared errors (SSE) of the absolute impedance and the squared error of the argument. This is an underdetermined system, so we sweep the value of ̃ while and are fitted for each step. Starting values of and need to be rationally selected to obtain a global minimum of SSE over the swept ̃ and continuous parameters over offset voltage, as shown in Figure S8(a) , black symbols. If the starting values for and are improper (red symbols) one can still obtain low SSE but one will not acquire an obvious minimum and the fitted values of and may vary greatly with ̃ and between adjacent values of . and weighted with respect to current at maximum power point, ,:
, where is the maximum power point. Figure S10 . (a) Simulated efficiency, , plotted versus oscillation amplitude, , at 10 MHz for different values of : 2.5, 5, 10, 15, 20 V (light to dark red color, and green = 10 V the value used throughout the paper). There is a strong dependency on at lower amplitudes, but there are only small differences between chosen where = 10 V is optimal in the practical parameter range. (b) Simulated maximum output power, , versus at 10 MHz. Both and at maximum power point, at the corresponding voltage offset that gives maximum output power, increase linearly with amplitude, and hence increases quadratically, illustrated in the log-log plot (b). The dissipated power on the other hand increases sub-quadratically leading to the efficiency increase with increasing amplitude for the investigated range seen in (a). Figure S11 . Simulated efficiencies over frequency for (a) base parameters, (b) ten times higher mobility: = 250 cm/Vs, and (c) decreased length scales by a factor 20: A = 0.2 µm, B = 0.8 µm, horizontal distance from source drain contacts to closest finger electrode is 0.25 µm, and finger electrode width is 0.1 µm. The relevant insight is that the magnitude of the efficiency maximum is unaltered despite the parameter change from (a) to (b) and from (a) to (c), however mobility and dimensionality shift the spectrum in linearly, respectively quadratically, in frequency space.
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